It is hypothesized that "cancer stem cells" are responsible for the resistance to chemotherapy of cancer cells in ovarian cancers. The objective of the studies was to explore if the stem cell biomarkers could be used to predict the tumor chemotherapy-resistance in serous ovarian cancer patients. Expression of two putative stem cell markers CD133 and nestin, and vascular epithelial growth factor (VEGF) and epidermal growth factor receptor (EGFR) were detected in 123 cases of advanced serous ovarian cancer specimens by immunohistochemistry. To estimate intra-tumoral microvessel density (MVD), CD34 immunostaining was also performed. CD133 and nestin were defined to be positive in 35.0% and 32.5% of the serous ovarian carcinoma tissues, respectively. It was observed that overexpression of nestin but not CD133 was associated with the cisplatin-based chemotherapy resistance and shorter overall survival of the patients, and nestin was found to be an independent prognostic factor. Moreover, positive nestin expression also correlated to increased expression of EGFR and VEGF, and elevated MVD in tumors. The results of this study suggest that serous ovarian cancers with high expression level of nestin represent an aggressive malignant phenotype associated with poor prognosis, and treatment targeted the nestin positive cancer cells might be a promising therapeutic strategy for this subgroups.
Ovarian carcinoma is one of the most common causes of cancer deaths in gynaecological malignancies worldwide. Besides surgical procedures, adjuvant taxol or cisplatinbased chemotherapy is often administered, especially in the advanced stages of ovarian cancer. However, resistance to chemotherapy is of major concern, leading to a high relapse rate (approximately 60-75%) and a poor prognosis [1] . Until now, there is still a lack of biomarkers that can accurately predict tumor response to chemotherapy in ovarian cancer.
Currently, increasing evidence suggests that a minor population of "cancer stem cells" capable of self-renewal and unlimited proliferation, is responsible for the resistance to therapy of cancer cells [2] . Several cancer stem markers have been identified to be possible chemoresistance markers in a few solid tumors [3, 4] . Based on above findings, we hypothesized that cancer stem cell markers could also be used to predict chemotherapy response in ovarian cancer.
The predictive value of stem markers for the chemotherapy resistance in ovarian cancer has not been reported before. Therefore, in this present study, we investigated the expression of two putative stem biomarkers CD133 and nestin in a cohort of advanced serous ovarian cancer tissues by immunohistochemistry, and their chinicopathological and prognostic significance was also evaluated.
Patients and methods
Patients and specimens. A total of 123 formalin-fixed and paraffin-embedded tumor tissues were collected from advanced (Stage III and IV) serous ovarian carcinoma patients operated at the Huashan Hospital, Fudan University(Shanghai, China), Changhai Hospital, Second Military Medical University(Shanghai, China), and Changzheng Hospital, Second Military Medical University, (Shanghai, China) with informed consent. This present study was approved by the local ethics committees. Histopathology, grade and disease stage of ovarian cancer patients were determined according to WHO criteria, Gynecologic Oncology Group criteria, and the International Federation of Gynecology and Obstetrics (FIGO) system, respectively. All the ovarian cancer patients received cisplatin-based postoperative adjuvant chemotherapy, and response to chemotherapy was assessed according to WHO criteria. Patients with complete response (CR) and partial response (PR) were defined as "response to chemotherapy", while patients with stable disease (SD) or progressive disease (PD) were classified as "no-response to chemotherapy". Overall survival (OS) was calculated from the date of histological diagnosis to the date of death or last follow-up examination.
Immunohistochemistry. Immunohistochemistry was performed to detect the expression of CD133, nestin, vascular epithelial growth factor (VEGF), epidermal growth factor receptor (EGFR) and CD34 in formalin-fixed paraffin-embedded ovarian cancer specimens, as follows. Briefly, 4 µm sections were deparaffinized with xylene, then were treated with 0.3% hydrogen peroxide for 30 min to inactive endogenous peroxidases. The slides were incubated with normal goat serum for 1 h to block nonspecific binding, and then were incubated overnight at 4°C using anti-CD133 antibody (Abcam, 1:100), anti-nestin antibody (Santa Cruz, 1:50), anti-EGFR antibody (Santa Cruz, 1:100) or anti-CD34 (Dako, 1:100). The specificities of the antibodies have been confirmed in previous studies. Primary antibodies were detected using HRP Envision Systems (Dako, Gene Co. Ltd., Shanghai, China), and then were counterstained with haematoxylin. For the negative controls, the primary antibodies were replaced by mouse or rabbit IgG.
Evaluation of immunohistochemical results. Immunohistochemical results were evaluated according to the following criteria as described previously. Cases were defined as positive for the expression of CD133 and nestin when more than 10% of tumor cells demonstrated a moderate to strong staining intensity; the others were scored as negative expression. The cut-off value of 10% was selected for the assumption that 10% of nestin or CD133 positive cancer cells may be enough to exert the "stem" effect in cancer tissues [5] . The cut-off point distinguishing between positive and negative VEGF expression was ≥30% [6] . Microvessel density (MVD) was determined by CD34-positive microvessel counting at ×200 magnification. A mean value was used to categorize ovarian tumors into low and high MVD subgroups.
Statistical analysis. The difference between groups with and without each stem marker expression was compared with using χ2 test or Fisher's exact test as appropriate. OS curves were estimated by the Kaplan-Meier methods and compared using the log-rank test. Multivariate analyses of survival were carried out using the Cox regression model. Statistical analyses were performed using SPSS V.13.0 software. P values of less than 0.05 were considered statistically significant.
Results
Both CD133 and nestin stained the cytoplasm and/or membrane of tumor cells with a variety of staining patterns, including focal, scattered and diffuse staining (figure 1). According to the criteria for stem cell biomarker immunostaining established, positive CD133 and nestin expression were defined in 35.0% (43/123) and 32.5% (40/123), of the serous ovarian tumors, respectively. Positive VEGF and EGFR expressions were defined in 65.9% and 46.3%, respectively. 56 patients were categorized as high MVD and 67 as low MVD based on a mean MVD value of 75.8. Representative images of immunostaining of ovarian cancer tissues were shown in figure 1 .
No significant association was found between CD133 and nestin expression with all the clinicopathological characteristics, except that nestin overexpression correlated with response to chemotherapy (table 1). Nestin-positive cases had a higher incidences of non-response to chemotherapy than nestin-negative subgroup (55.0% vs. 20.1%, P=0.001). The correlation of the CD133 and nestin expression with tumor angiogenesis and EGFR expression in serous ovarian carcinomas was further evaluated. Tumors in the nestin-positive group expressed higher level of VEGF and had a significantly higher MVD than those in the nestin-negative group (P=0.001, P=0.014, respectively). EGFR overexpression was more frequently observed in the nestin-positive tumors (77.5%) than the nestin-negative subgroup (31.3%, P=0.001). There was no significant difference in tumor angiogenesis and EGFR overexpression between the CD133-positive and -negative groups. EGFR positive subgroup had a trend toward high level of VEGF expression and increased MVD, however, statistical significance was not reached.
Overall survival curves were estimated according to the expression status of stem markers CD133 and nestin, and then compared using the log-rank test. The nestin-positive patients had a significantly shorter overall survival times than the negative subgroup, meanwhile CD133 expression had no impact on the survival in patients with serous ovarian carcinomas (table 2, figure 2) . Cox proportional hazards analysis demonstrated that nestin expression was retained as an independent prognostic factor of shorter overall survivals for the ovarian carcinoma patients (table 2) .
Discussion
Ovarian carcinoma is highly heterogeneous in tumor progression and response to treatment. Most commonly used subgroup classification systems are based on the clinical characteristics (such as histological type, FIGO stage); however, such classification criteria lack prognostic significance in the prediction of outcome and therapeutic effects. Recently, several novel molecular classification systems based on tumor biomarkers such as ER, PR, Her2, p53 have been developed [7] [8] ; however, their prognostic significance is not consistent in different reports.
Cancer stem cells have been supposed to play a key role in the regulation of cancer cells in malignant progression and chemoresistance. Under stem cell-selective conditions, Zhang et al. [9] identified a subpopulation of CD44+CD117+ ovarian cancer-initiating cells (OCICs) with expressed "stemness' properties, demonstrated increased chemoresistance to cisplatin or paclitaxel, and up-regulation of stem cell markers including Bmi-1, Notch-1, Nanog, nestin, ABCG2, and Oct-4. Similarity, under drug selection using cisplatin and paclitaxel, Ma et al. [10] isolated a subgroup of cancer cells displaying remarkable stem cell properties from human ovarian cancer cell line SKOV3. This subgroup of SKOV3 cells highly expressed a panel of stem cell biomarkers, such as Nanog, Oct4, sox2, nestin, ABCG2, CD133, and CD117. Therefore, these findings indicated that cancer stem cell markers could provide a rational source for developing novel phonotype classification criteria for ovarian cancer. Several previous studies have investigated the clinicopathological significance of stem cell biomarkers in ovarian cancers. For example, Ferrandina et al. [11] found that the CD133 expression seems not to provide additional prognostic information in ovarian cancer patients, however, the diffuse cytoplasmic CD133 pattern might correlate with worse prognosis. Zhang et al. [12] identified that Oct4 was associated with more advanced stage and higher grade, and predicts poor prognosis in serous ovarian carcinoma, but not in mucinous carcinoma.
However, the correlation between stem cell markers and the chemotherapy response in ovarian cancer has not been fully evaluated. In this study, we investigated the expression of two putative stem biomarkers CD133 and nestin in serous ovarian cancer to evaluate if these biomarkers could be used to predict chemotherapy response in clinical practice. Our results showed that no association was observed between CD133 expression and chemotherapy response. Furthermore, CD133 was found to be unrelated to the survival of serous ovarian carcinomas, which is consistent with the previous study [11] . Different from CD133, we identified that nestin expression was significantly associated with chemoresistance in serous ovarian cancers, and also have independent prognostic value in the multivariate analysis. Our results suggest that nestin is capable of identifying a subgroup with poor prognosis and cisplatin-based chemoresistance, which deserves much more intensive therapies.
Cancer stem cells have been linked to EGFR activation in many cancers [13] . Several previous reports have also indicated that cell subpopulations with stem cell properties may contribute to tumor angiogenesis through an induction of VEGF expression or other angiogenic factors [14] . In this study, we found that positive nestin expression was associated with increased EGFR expression and tumor angiogenesis level in serous ovarian cancer tissues. Our findings suggest that a fraction of nestin positive cells might contribute to the malignant development of serous ovarian cancers through EFGR activation and angiogenesis mechanisms.
In conclusion, in this study, we first indicated that the stem cell marker nestin could be used as a novel biomarker to predict cisplatin-based chemotherapy resistance and prognosis for serous ovarian cancer patients. Considering the link between nestin with resistance to cisplatin-based chemotherapies and poor prognosis, we proposed that in the future, treatment targeted the nestin positive fraction in tumors may comprise a promising anti-cancer strategy for patients with serous ovarian carcinomas.
